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THIS LECTURE by Dr. J. Stewart Williams is the seventh In a series presented annually by a scholar chosen from the resident faculty 
at the Utah State Agricultural College. The occasion expresses one of 
the broad purposes of the College Faculty Association which is a 
voluntary association of members of the faculty. These lectures appear 
under the Association's auspices as defined in Article II of its Consti-
tution, amended in May 1941: 
The purpose of the Organization shall be . . . to encourage 
intellectual growth and development of its members . . . by 
sponsoring an Annual Faculty Research Lecture . . . The 
lecturer shall be a resident member of the faculty selected by 
a special committee which is appointed each year for this pur-
pose and which shall take into account in making its selection, 
the research record o{ the group and the dignity of the occa-
sion . . . The lecture shall be a report of the lecturer's own 
findings in a field of knowledge . . . The Association shall 
express its interest by printing and distributing copies of the 
Annual Research Lecture. 
Dr. Williams was elected by the committee to the seventh lectureship 
thus sponsored. On behalf of the members of the Association we are 
happy to present Dr. Williams' paper: "GEOLOGICAL STUDIES IN 
UTAH." 
COMMITTEE ON FACULTY RESEARCH 
FOREWORD 
THE WRITER appreciates having been chosen Faculty Research Lec-turer for the year 1947-48, and expresses herewith his thanks to 
his colleagues in the College Faculty Association. 
In consideration of the varied interests of the members of the 
Association before whom the lecture will be presented, a review of 
research seems more· suitable than the presentation of new results. 
As a framework for such a review the writer has chosen the geological 
history of northern Utah. On this framework the bits of research are 
assembled in what, it is hoped, is an interesting whole that meets 
satisfactorily the laudable purpose of the Annual Research Lecture. 
J. STEW ART WILLIAMS 
March 1948 
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GEOLOGICAL STUDIES IN UTAH 
J. STEWART WILLIAMS lIa TAH 'S THOUSANDS of square miles of mountains, plateaus, and i ~ desert basins exhibit a wide variety of geological features and 
offer the student of geology an endless series of challenging 
problems. The solution of some of these problems began nearly one 
hundred years ago with the surveys of the United States territories; the 
work continues today at a greatly accelerated rate with scores of pro-
fessional geologists and advanced students in the field each summer. 
The writer and students under his direction have made some contribu-
tions to the solution of a few of these problems in the twelve years 
that he has taught at the Utah State Agricultural College. As a back-
ground for a discussion of this work, it will be necessary to review briefly 
some of the major features of the geology of the central Rocky Mountain 
region. 
THE GEOLOGICAL TIME TABLE 
T HE PRJNCIPAL divisions of the geological time table are well known to many persons. They are repeated in table 1, together with a 
list of events that are of particular interest to the people of Utah and 
adjoining areas. The table is provided with a time scale calibrated in 
years. It will be recalled that these figures are obtained by the analysis 
of radio-active minerals, the ratio of the amount of lead produced by 
radio-activity to the amount of uranium present, providing a satisfactory 
measure of the age of the mineral, accurate to a few percent. The 
minimum age of the earth is near 2,000 million years, since minerals of 
that age have been found in eastern Canada and in other areas of very 
old rocks in other continents. The maximum age is generally estimated 
to be 3,000 million years. Inspection of the table will remind us that 
approximately three-fourths of the minimal 2,000 million years had 
passed when Cambrian seas spread widely over the confinents and began 
the more readily decipherable part of the geologic record. For hun-
dreds of millions of years, the geography of the Rocky Mountain region 
Was dominated by an ancient seaway. 
THE CORDILLERAN GEOSYNCLINE AND SIOUIS 
A BELT THOUSANDS of miles long and hundreds of miles wide that retains for long periods of time the tendency to sink makes a 
shallow persistent seaway along the continental block. The drainage 
flowing to the low area brings large quantities of sediments, but con-
8 
Time in 
years 
o 
25,000 
1,000,000 
60,000,000 
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Table 1. Geologic time tsble for northern Utah 
Divisions of 
time 
Cenozoic era 
Quaternary I'eriod 
Development of 
living thiJigs 
Principal events 
in northern Utah 
Recent epoch· Marked restriction Extinction of Lake 
of mammals; develop- Bonneville 
Pleistocene 
epoch 
Tertiary period 
Pliocene epoch 
ment of civilization 
Emergence of man 
Man diverges from 
the apes 
Miocene epoch Golden age of 
mammals 
Oligocene epoch Mammals evolve 
rapidly 
Eocene epoch Modem mammals 
appear 
Paleocene epoch Mammals achieve 
doprinance 
Mesozoic era 
Cretaceous period Decline and ex-
tinction of many 
reptilian orders 
Jurassic period 
Triassic period 
Golden age of 
reptiles 
Dominance of rep-
tiles begins; first 
mammals appear 
Renewed faulting with 
the development of foot-
hills; Lake Bonneville 
Cessation of faulting and 
partial filling of Cache 
Valley with sediments of 
Salt Lake group 
Development of Cache 
Valley begins 
Widespread er06ion-sur-
face completed 
Wearing down of Lara-
mide Mountains; fi.Iling 
of Green River and U"mta 
Basins 
Great Laramide mountain 
system completed; its 
destruction begins 
Climax of Laramide revo-
lution; coastal swamps 
along western border of 
Colorado sea 
Destruction of Cordilleran 
geosyncline commences 
Seas over northern Utah 
d 
,f 
:-
g 
a 
o 
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Table I-Geological time table for northern Utah, continued 
Time in 
years 
180,000,000 
Divisions or 
time 
Development of 
living things 
Principal events 
in northern Utah 
9 
Paleozoic era 
Permian period Rapid extinction of 
many primitive types 
of animals 
Appalachian revolution in 
eastern North AmeriCjll; 
wide emergence of Siouis; 
deposition of phosphorns-
rich sediments 
500,000,000 
2,000,000.000 
Pennsylvanian 
period 
M,ississippian 
period 
Devonian period 
Silurian period 
Reptiles appear 
Amphibians and land 
plants appear 
Ordovician period Fishes appear 
Cambrian period Invertebrate animals 
develop hard parts 
Cryptozoic eon 
Appearance of life 
and differentiation 
of most phyla of 
animals 
Oquirrh Basin develops in 
Cordilleran geosyncline 
Widespread seas in Rock"}' 
Mountain region 
Deposition of thick suc-
cession of sediments in 
'Logan area 
Cordilleran geosyncline 
develops 
Physical history obscure; 
ice age near close of 
division 
tinual sinking of the sea floor provides room for their accumulation 
without shoaling and destruction of the sea. In hundreds of millions 
of years, tens of thousands of feet of sediments may accumulate. Such 
a belt existed in western North America from the middle of the 
Cambrian period until late in the Jurassic period, and is called the 
Cordilleran geosyncline. 
The site of Logan is one of the most persistent parts of this old 
seaway. As a result of this persistence, Wellsville Mountain and the 
Bear River Range exhibit one of the thickest and most complete suc-
cessions of Paleozoic strata to be found anywhere in North America 
(5,7,9,10,11,12). This succession is divided, at present, into sixteen 
formations, with a total approximate thickness of 22,000 feet. Only 
the Permian system is not exposed in the mountains surrounding Cache 
Valley, but Permian rocks undoubtedly covered the area at one time 
and have subsequently been removed by erosion. Likewise a thickness 
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of at least 20,000 feet of Triassic and Jurassic rocks has been removed 
from the logan area. 
The counterparts of the geosynclines are called borderlands. They 
are maintained by a persistent tendency to rise, which insures that they 
shall stand as land areas adjacent the geosynclines, despite continuous 
degradation by the agents of erosion. A borderland that played the most 
important role in the Paleozoic history of the northern Utah area was 
located in western Colorado with extension at various times northward 
into Wyoming and southward into Arizona. It has been called Siouis 
(fig. 1) . 
From the more persistent parts of the old seaway to the more per-
sistent parts of the ancient borderland, the strata thin and disappear. 
They show other difterences, particularly in color, grain-size, and content 
of calcium carbonate and organic matter which accompany the thinning. 
In the more persistent parts of the geosyncline where they are but 
little diluted with mud and sand brought from the borderland, calcium 
carbonate content is high and organic matter is generally a noticeable 
part of the rock (12). landward as the amount of clastic material 
increases, the shades of gray produced by various amounts of organic 
matter give way to buffs, reds, and browns of sediments of terrestrial 
origin, and the general calcium carbonate content decreases, limestones 
being replaced by sandstones and shales (2,8) . 
The area between geosyncline and borderland, where fluctuating seas 
left only a thin succession of sediments, mostly of terrestrial origin, is 
sometimes called the foreland. As a broad generalization it may be 
said that western Utah is a geosyncline area, western Colorado a 
borderland area, and eastern Utah a foreland area. 
PHOSPHORUS AND VANADIUM 
D URlNG part of the Permian period an arm of the sea that deposited extraordinary sediments lay in the northern part of the Cordilleran 
geosyncline across eastern Idaho, western Montana and Wyoming, and 
northern Utah. The black muds, sands, and ooliths-small sand-grain-
sized concretions of calcium carbonate deposited about sand grains, 
fecal pellets, or other small nuclei-that slowly accumulated in its 
shallow waters contain a remarkable list of valuable elements including 
phosphorous, vanadium, flourine, strontium, nickel, and zinc. Phospho-
rous is concentrated sufficently in six to twelve feet of the rocks to 
make them high-grade phosphate rock. This deposit constitutes ap-
proximately one third of the world's supply of this vital element. There 
is enough vanidium in certain beds to constitute the largest reserve of 
this important alloy in North America. The other elements, though 
[2] .. -.. 
. . 
, ' D" 
Gravel 
and 
Ca lciulll 
carbonate 
'odiulll 
chloride 
an d 
ca lciUIll 
sulfate 
Figure 1. Utah and surrounding a rea in early medial P enn ylvanian (DeslIloi-
ne ian ) time. T he principal types of edimen tary material accumulating in 
the geosyncline a re shown. Mod ified a fter Branson, toyanow a nd other. 
Drawn by Everett Thorpe 
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present in small amounts, are not to be overlooked in a world whose 
reserve of useful metals is rapidly shrinking. The black sediments of 
this phosphatic shale member, from a few feet to two hundred feet 
thick, provide a veritable storehouse of mineral wealth for the region 
centering in southeastern Idaho. 
Compared to the combined reserves 9f the other three states Utah's 
share in the western phosphate field i's not large, but it includes two 
unique deposits that p_romise early development and an important place 
in the state's rapidly expanding mineral . industries (3,6). The phos-
phate deposit north of Vernal in Uintah County contains an estimated 
1,500 million tons of rock averaging 40 percent of tricalcium phosphate. 
Much of the rock lies stripped of cover along the gently sloping flank 
of the Uinta Mountains, and its mining costs will be low. The rock 
contains little or no organic matter and lends itself well to benefica-
tion- removal of sand and shale with a corresponding concentration 
of phosphate. The deposit is within thirty miles of three proposed dam 
sites on the Green River where one day large quantities of electric 
power will be available to break down the phosphate rock and release 
the phosphorous for industrial or agricultural use. 
Utah's other important phosphate area is the C~awford Mountains 
in eastern Rich County. Here is an estimated sixty million tons of rock 
assaying 70 percent tricalcium phosphate. The phosphate lies folded in 
a sharp downfold or syncline in a small mountain mass every part of 
which is within 15 miles of a transcontinental railroad. To this advan-
tage of easy accessibility is added the promise Of fairly easy under-
ground mining of the phosphate bed which stands near the vertical 
between competent walls of limestone, in a mountain mass free of 
underground water. Such favorable features spell early development 
for Rich County's principal mineral resource. 
DESTRUCTION OF THE GEOSYNCLINE 
AT VARIOUS times throughout its history large parts of the earth's crust have been gripped in strong compressive forces. These forces subject 
the rocks to mighty strains that fracture, crush, and mash them. The 
great prisms of strata that have accumulated in the geosynclines are par-
ticularly vulnerable to these forces, because, unlike unstratified masses, 
they can yield by folding. In response to the mighty squeeze the pre-
existing geosyncline is destroyed and a great mountain system rises in 
its place. Such times of mountain-building are called revolutions. The 
destruction of the Cordilleran geosyncline began in Jurrasic time, with 
the onset of the Laramide revolution_ 
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When the sea crept on to the central part of North America in 
Cretaceous time its waters lapped on the west against the foot of the 
mighty range that had risen, in western and central Utah, from 
the Cordilleran geosyncline. The rivers that flowed to it from the 
mountain brought heavy loads of gravel and sand that spread in the 
shallow water, clogging the river mouths and producing extensive 
swamplands. Here stagnant swamp waters preserved the spores, leaves, 
and limbs of fallen trees to assure Utah an important share in the 
country's great coal reserve (fig. 2). 
FORELAND STRUCTURES AND POSSIBLE OIL POOLS 
T HE DEGREE of deformation of the strata lying beside the old bor-derland of Siouis was roughly proportional to their thickness. In 
western Utah where the old seaway has been most persistant, the rocks 
were tightly folded, then mashed and broken through by overthrusting 
faults; in the foreland area where the thickness was moderate and the 
resistant basement rocks lay at shallow depth to resist the compressive 
forces, the strata were gently folded into open upfolds (anticlines) 
and open downfolds (synclines). The borderland itself acted as a buttress 
against which the folding took place. Petroleum has been found in 
many places trapped in closed upfolds. Therefore the foreland area 
adjacent to old Siouis is the most prospective area in Utah, Wyoming, 
and Colorado for the discovery of new oil pools (fig.3) . Development 
of the Rangley, Colorado, anticline into an important producing field 
has given great impetus to the search for oil-pools in this area. The 
Uinta Basin is a great asymmetrical downfold in northeastern Utah. The 
San Rafael swell, the Water Pocket fold, and the Monument Valley 
upwarp are great upfolds. There are numerous other examples of both 
types in eastern Utah. Unfortunately none has yet yielded commercial 
quantities of petroleum. 
Continuing failure to discover petroleum in the anticlines of the old 
foreland areas will naturally lead to exploration for other types of oc-
currence. Oil has been found at one place or another in the Rocky 
Mountain region in every type of structure or "trap" known to petroleum 
geologists. The search will require a complete delineation of the long 
succession of shore lines about ancient Siouis, together with a knowledge 
of types of sediments and their distribution in the border area of the 
old Cordilleran geosyncline. This knowledge of ancient geography will 
play a vital role in locating possible source beds where the petroleum 
may have been generated, and possible reservoir rocks where it may be 
stored. Collection of the data for these studies has only begun. A 
successful outcome of the search may await its completion. 
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Edm und M'. pieker. Drawn by Everett Thorpe 
GEOLOGICAL STUDIES IN UTAH 
o A 
I 
, , 
I \ 
I , 
H " 0 I I 
" 
" I 'W YO 
---I -----~----~ //1: ~OCI( 
I 
, ...... OGAN I GIIEEN 
"W'", SPIIING 
I I' RIVER " , ' AN TlCLINE 
I I SA IN 
I () "JL. - - - - - -r -
I ~ " ( I I ~ LIMIT OF ~, ---+--. I 
OVERTHRUSTlZ! ~TA I 8AS~1 ')(.. 
G,) ~ / RA~GELY 
'
I () ~ ANTI~LINE 
,. , I 
~ U T / "A H I 
<> I / "," :-:..f,.u. ~ 'xj 
, A. "SALT 'I' 
I '" ~ VALLEY 
/1 () CIRC~ \. + ~ ~ANTICLI i"E 
/ ~ CLIFFS-\,,, MON UMENT 'i 
I / VA LLEY I 
I I . UPLIFT I' 
-~------ -----------,. I " ellAND CANYON I 
UP LIFT 
Fig. 3. Geosynclinal and foreland areas in Utah 
13 
14 SEVENTH ANNUAL FACULTY RESEARCH LECTURE 
GREAT MOUNTAINS ARE LEVELED 
EARLY IN the Cenozoic era, perhaps 50 million years ago, the mighty forces that had transformed the ancient seaways of the Cordilleran 
geosyncline into a great system of mountains subsided, and the great 
Cordillera, left without further growth, began to lower and shrink under 
the relentless washing and wearing of the streams that drained it. To 
the eastward, such streams naturally drained to the basin areas of the 
foreland, such as the Uinta Basin in Utah and the Green River Basin 
in western Wyoming. Lakes formed in both basins. 
At the shores of these lakes the gravels and sands came to rest, 
dropped by rivers whose currents lost their force in the still water. Be-
yond the shores silts, muds, and seasonal deposits of calcium carbonate 
and organic matter produced the Green River formation, thin-bedded 
marls and siltstones which have preserved beautifully many of the plant 
and animal forms that lived in and about the lakes. More important 
from the economic point of view is tlie fact that at some horizons in 
the formation organic matter is so concentrated that an oil shale has been 
produced. The oil shales of the Green River formation are estimated to 
contain 90,000 million barrels of petroleum, a reserve upon which we 
may need to draw much sooner than many had thought. 
The site that was to become Cache Valley stood some 50 miles west 
of the lake that occupied the Green River Basin of Wyoming. Once 
in the heart of the great mountains, and later in the foothill zone of 
the wasting highland, it received only irregular deposits of coarse gravel. 
These gravels, now hardened into conglomerate, are inconspicuous about 
Logan, except for a small exposure at Red Banks in Logan Canyon, but 
they increase in thickness eastward, making grand displays at Echo and 
Chinatown in Weber Canyon. Armed with heavy loads of gravel, the 
streams that reduced the old highland planed away and finally truncated 
the folds and faults produced in the Laramide revolution, leaving the 
Eocene landscape subdued and flattened under a blanket of gravel. 
CACHE V ALLEY APPEARS 
AT A TIME which must have been near the middle of the Cenozoic era, some 30 million years ago, Cache Valley and numerous other 
basins of a similar nature began to appear in the much-eroded landscape 
of the Rocky Mountain region which had been for hundreds of million 
years the shallow seaway of the Cordilleran geosyncline, then the core of 
a mighty mountain range and lastly a much-eroded rolling surface, ap-
pro~ching a featureless plain. The basins came into being between 
north-south trending faults adjacent to which blocks of the earth's crust 
rose or sank or rotated to produce a topography of basins and ranges. 
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The new alignment of forces in the earth responsible for this breaking 
and shifting of the surface blocks has continued to the present, and the 
basins it has produced are the major features of a wide area in the 
western part of the Rocky Mountain region. The history of Cache 
Valley is typical of the histories of these basin-and-range basins. 
The sinking area between the boundary faults, moving ever lower 
in an intermittent series of small slumps and shifts, attracts the surface 
runoff from the surrounding blocks and new drainage systems are formed, 
the major streams flowing directly toward the basin and perpendicular 
to the boundary faults. This is the origin of Logan River, Blacksmith 
Fork, and the other east-west streams that flow into Cache Valley. The 
making of beautiful Logan Canyon began a long time ago. 
To maintain a fault valley of this type, nature must continue to 
lower the valley bottom, at least keeping pace with the filling accom-
plished by the infiowing streams carrying their loads of gravel, sand, 
and mud from the surrounding mountains. If the lowering ceases, the 
filling gains, and the valley shallows toward extinction. If the lowering 
is accelerated, and the deepening exceeds the filling the valley sides 
steepen and the day when the basin will be filled to extinction is ad-
vanced further into the future. 
Faulting has maintained Cache Valley to the present as a relatively 
deep, steep-sided basin. But at one period in its history, during the 
Pliocene epoch, the sinking movements lagged or ceased altogether and 
the rock waste poured in by the tributary streams rose high on the valley 
sides. At first the rock debris was coarse and angular, but as the filling 
greatly lessened the slopes of the tributary valleys, the gravel grew finer, 
pebbles replacing boulders. At times shallow lakes, similar in many 
respects to Great Salt Lake, stood in the deeper parts of the valley. These 
received the sands and muds from the streams, the gravels accumulating 
in large alluvial fans about the margins of the basin. Remains of snails, 
clams, ostracods, and diatoms preserved in these muds and sands tell us 
that the lakes never became as saline as Great Salt Lake, and meager 
plant remains give glimpses of the aquatic flora that grew in the swampy 
margins of the open water. 
C Although no gypsum (calcium sulfate) or halite (sodium chloride) 
r has been found in these sediments, they are characterized by a high cal-
e cium carbonate content. Conglomerates and sandstones are markedly 
1 calcareous, and calcium carbonate ooliths constitute important parts of 
f ~e valley filling of this time. Ooliths are forming and accumulating 
tn large quantities in the present Great Salt Lake. This high content 
tl of calcium carbonate gives to these Pliocene rocks a light color, which 
;t serves to distinguish them readily from darker-colored older rocks about 
the valley. 
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Another distinguishing feature of these rocks is their high content of 
volcanic ash. Large pumice volcanoes stood near enough to Cache Valley 
to blanket it and the surrounding territory with ash falls that covered 
mountain slopes and valley floors alike. They may have been on the 
Snake River plains west of Blackfoot, Idaho, or they may even have 
sent their clouds of dust from the area of Yellowstone Park. In the 
months succeeding an eruption, rain wash removed the ash from the 
mountain slopes, and the streams, flowing thick with mud, carried it 
down to be deposited on the valley floor. The shards and slivers of 
translucent glass that constitute the ash, tend, like the calcium carbonate, 
to lighten the color of the sediments that accumulated in Cache Valley 
at that time. 
The established name for the late tertiary deposits of northern 
Utah and southeastern Idaho is "Salt Lake group." This is not a for-
tunate choice, for the obvious reason that it suggests immediately the 
recent sediments that are accumulating in Great Salt Lake, but its 
accepted status leaves no alternative. Hayden, who gave the name to 
these light-colored rocks in Morgan Valley, Utah, along the main line of 
the first transcontinental railroad, intended that they should be remem-
bered as the tertiary rocks of the vicinity of Great Salt Lake. 
THE REJUVENATION OF CACHE VALLEY 
T HE EARTH forces that had remained inactive in the Pliocene epoch while the sediments of the Salt Lake group half-filled the valley, 
stirred again as the Pleistocene epoch began, about one million years ago, 
to begin again the deepening of the basin. Interestingly enough, the 
lines in the boundary zones, where the renewed faulting took place, were 
not always those closest to the valley sides, with the result that masses 
of rocks of the Salt Lake group were left in relief against the valley 
sides, creating foothill benches. 
The beds of conglomerate, sandstone, oolitic limestone, and tuff 
which constitute these masses, were rotated and tipped along with the 
major units of older rocks when the faulting was renewed. They lie 
at all angles to the horizontal, in many places dipping toward the 
mountain masses at the sides of the valley, and give the foothills of 
Cache Valley a complicated structure (10). The rejuvenated Cache 
Valley had acquired a "new look" and had obtained a series of foot-
hill benches that would provide additional fine agricultural land in the 
days to come when farmers would inhabit the valley. The masses of 
Pliocene sediments that occupied the valley sank and were buried by the 
sediments that now arrived in greater quantities, caused by the steepening 
of the valley sides. 
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CACHE VALLEY IN THE ICE AGE 
T HE PLEIST:OCENE epoch which began about one million years ago and ended about 25,000 years ago, is characterized by glaciation. 
Four times during this epoch great ice caps accumulated in northern 
Europe and eastern Canada spreading out in all directions under the 
pressure of the thousands of feet of ice at their centers. 
The American ice cap spread southward into the northern Mississippi 
Valley. The European cap spread southward to the Alps. The climate 
of the whole world was such that n61 only were great ice caps formed 
on the northern plains, but smaller masses of ice accumulated in every 
high mountain range in the middle latitudes. The waxing and waning 
of the ice sheets means, of course, an alteration, four times repeated, 
between glacial and non-glacial climates. 
Many of the mountains in the Rocky Mountain region that rise above 
an elevation of 9,000 feet bear traces of the ice streams that formed at 
their summits and made their way various distances down the slopes 
during the glacial ages of the Pleistocene epoch. The Uinta Mountains 
of northern Utah bear evidences of three distinct glaciations thought 
to correspond to the Kansan, Illinoisan, and Wisconsin stages of con-
tinental glaciation (table 2). The Wasatch Mountains and the Bear 
River Range have two sets of moraines which are at present best cor-
related with the Illinoisan and Wisconsin stages. During these times 
of long stormy winters and short cool summers when ice accumulated 
Time in 
years 
25,000 
100,000 
225,000 
325,000 
600,000 
, I, ';; / I! i I 
Table 2. Pleistocene history of Cache Valley 
(Chronology after Flint) 
Time divisions 
Recent epoch 
Pleistocene epoch 
Wisconsin glacial age 
Events 
Shrinking and dismemberment of 
Lake Bonneville 
Second high.water stage; Bonne· 
ville and Provo levels 
Sangamon interglacial age Dessication of lake 
Illinoisan glacial age 
Yarmouth interglacial age 
First high·water stage; deposits 
in intermediate zone 
Pre·lake arid climates; formation 
of alluvial fans and pediments 
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at every favored place on the mountain tops, three ice streams crept 
from the sheltered eastern side of Wellsville Mountain toward the floor 
of Cache Valley; another flowed from the sheltered northern slope of 
James Peak at the south end of the valley; and in the upper reaches of 
Logan Canyon, along the protected eastern side of the high crest of the 
Bear River Range, at least seven alpine glaciers flowed slowly toward 
Logan River, sending in advance a swollen stream of meltwater, milky 
with rock flour, to join the waters of a Logan River, triple or quadruple 
the amount that the present stream carries. 
The mountain glaciers of the Illinoisan and Wisconsin ages left 
deepened valleys with bare bedrock floors and sheer walls, heading in 
theater-shaped basins called cirques; they left the ridges and peaks be-
tween valleys sharpened into spectacular knife-edge ridges and mat-
terhorns; they left numerous rock basins in the valley floors where 
lakes now nestle. Their work has added much to the beauty of the 
higher peaks and ridges of the mountains surrounding Cache Valley. 
In terms of the welfare of the men who would one day live in the valley 
these results were unimportant compared to those produced by the 
meltwater of the glaciers which, flowing into the basin system of which 
Cache Valley was a part, produced a large, fresh-water lake. 
LAKE BONNEVILLE 
T HE LAKE that grew in the northeast corner of the Basin and Range province, fed by swollen streams from the Wasatch and Uinta 
Mountains, and protected from evaporation by the more persistent 
cloudiness of the stormy glacial climate, has become one of the world's 
best known extinct lakes. It grew to an area equalling that of the 
present Lake Michigan, but it lacked Lake Michigan's smoothness of 
outline, and exhibited instead a most irregular shore line, complicated 
with numerous bays, headlands, and islands. Its conspicuous shore 
features-wave-cut terraces, wave-built embankments, spits, bay-bars and 
deltas-were soon apparent to the first group of professionally trained 
men who worked in its basin in 1848, the surveyors of Great Salt Lake 
under Capt. Stansbury. The major features of its story were unravelled 
in the three decades following by a great geologist, G. K. Gilbert, who 
chose for its name that of an early explorer of the Rocky Mountain 
region. Gilbert's lucid and convincing story of the old lake has given 
it a place in every textbook on American geology, and every youngster 
in Utah's elementary schools learns something of this ice-age lake if 
only to repeat its name. 
Gilbert's keen observations vouchsafe a knowledge of the 
elements of Lake Bonneville's history. In the walls of the channel 
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the short-lived river that drained the Sevier body into the main body 
of the shrinking lake, Gilbert discovered the essential stratigraphy of 
the old water body. There he saw beds of yellow clay, their base not 
exposed, overlain by beds of white marl, their top the surface of the 
valley bottom. The two were separated by coarse deposits of gravel 
and slope wash, clearly the results of subaerial deposition. Here was 
proof that the old lake had had two stages of high water, and had dried 
up between times. Observations about the sides of the Bonneville basin 
established the further points that the first high water stage had been 
not quite as high as the second, and that a third stage about four hundred 
feet lower than the others, had persisted long enough for the accumula-
tion of large deltas at the mouths of the perennial streams. To these 
three stages Gilbert gave the names Intermediate, Bonneville, and Provo. 
The Intermediate and Bonneville stages of the lake are correlated, 
respectively, with the Illinoisan and Wisconsin glacial stages (table 2) . 
The flourishing and progressive community that is Utah has many 
of its economic eggs in the basket that is the basin of ancient Lake 
Bonneville. The leader of its founding band, looking out over the 
Bonneville BaSin, selected the strip along its eastern side for the heart 
of the new empire, and the choice was geologically sound. Much of 
the best agricultural land in the state lies on the sands, silts, and clays 
that accumulated on the floor of the old lake. The waters of the basin 
rim provide for irrigation. The gravel terraces and deltas along the 
valley sides are ideal sites for the residential communities and the public 
institutions of the state. The wide flats of the old lake bottom offer 
easy transportation and expansive locations for the industrial plants of 
the state's growing economy. The deposits of ancient Lake Bonneville 
underlie much of the economic wealth of Utah. 
STUDIES OF BASIN GEOLOGY 
A N AUTHENTIC geologic map is the minimum essential for under-
fi. standing the geology of an area. Who can know the extent and 
nature of the various kinds of rocks in a region and the relationships 
of the different rock bodies to each other, with all that this knowledge 
may imply in terms of a much needed ore body, a necessary oil pool, 
or the location of sources of destructive earthquakes, without the ·aid of 
such a map? If such a map has been prepared oy a competent worker, 
well versed in the geology of the particular area, much of the basic data 
for the attack on such problems is at hand. If it has not, these basic 
data must be collected and the map prepared before the more specialized 
phases of study can begin. A geologic map is as basic to a geologist as 
a star catalogue to an astronomer, or as a blueprint to a trouble-
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shooter who attempts to track down failure in an intricate machine. 
Taking stock of our geological knowledge in 1946, at the war's end, 
the U. S. Geological Survey reported that only 7 percent of the area 
of the United States was represented on geologic maps of scale one 
inch to one mile or larger. Utah stood above the average with 16 per-
cent of her area so delineated. Most of the mapping for Utah had been 
done in areas of concentrated mineral wealth, about the metal mines 
and the coal fields, or where ~eologic factors appeared to favor the 
presence of petroleum. The sediments of the Lake Bonneville basin, 
the source of much of Utah's agricultural production and literally the 
foundation of most of her real property in homes, institutions, and in· 
dustrial plants, had been entirely neglected. 
The mapping of the Bonneville Basin began in 1946 under the 
direction of the U. S. Geological Survey and in cooperation with Utah's 
three universities. Maps of Utah, Jordan, and Cache Valleys are near-
ing completion. They confirm the essential elements of the history of 
the lake as discovered by Gilbert, but each shows a wealth of detailed 
information that should have much practical value in the development 
of the state. 
A perusal of the map of Cache Valley shows many interesting 
features (13). The deposits of the Intermediate or first high-water 
stage appear generally as remnants of a low sloping wave-and-current-
built embankment, most extensive where the encroaching waves moved 
across gently inclined foothill areas of weak and deeply weathered 
rocks of the Salt Lake group. Where the slopes were steep or where the 
rocks were more resistant, Intermediate embankments are small or 
absent. Near Wellsville, where the currents moved across a slope of 
Wasatch conglomerate, the embankments are composed of gravel. The 
long exposure of these deposits of the first high-water stage is clearly 
attested by their mature dissection everywhere and their complete re-
moval in many places. Only the gravel deposits of this early stage have 
escaped partial erosion. 
As the waters of Lake Bonneville first moved into Cache Valley 
they advanced across a wide variety of earth materials. The exact 
nature of the materials in the deeper parts of the valley is not known, 
for they are buried under hundreds of feet of lake deposits, but it 
probably consisted of alluvium of various sorts including alluvial fan 
material, stream channel deposits, and lacustrine and paludal sediments 
with some peat. Beyond the valley fiats the shoreline advanced across 
the foothill benches and pediments developed on the Salt Lake group, 
On some of these, the waves worked over a deep residual soil formed 
in thousands of years of exposure to the weather. . The shallow waters 
in the shore zone were turbid with the silts and clays of these soils, and 
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in the deeper water offshore the large embankments of the first high-
water stage accumulated. On other benches of coarse conglomerate, 
oolitic limestone, or tuffaceous sandstone there was only a skeletal soil, 
and the resulting embankments are small or absent. Near the mouth~ 
of the large tributary valleys gravel deltas grew that would be covered 
by the bottom sediments of the advancing lake. As the water rose to 
the higher levels it advanced far up Logan and Blacksmith Fork can-
yons, forming long narrow bays that filled rapidly with sand and gravel; 
and would be emptied quickly as the lake shrank away. There is no 
direct evidence in Cache Valley of the long period of dessication that 
followed this first stage of lake Bonneville and left the valley dry for 
thousands of years, except the large degree of dissection and removal 
of the embankments of silt and fine sand. 
During the next glacial age the lake grew to the Bonneville stage 
and the rising waters mounted rapidly to an elevation nearly one hun-
dred feet above the previous high mark. At this position they spilled 
over the basin rim at the north end of Cache Valley, and began a rapid 
downcutting that lowered the level of the lake nearly 400 feet in the 
course of a few years. The downcutting was arrested when the spillway 
bottomed in durable Paleozoic limestones. 
The lake now had an outlet through a spillway of fixed elevation 
with the result that it retained a constant level for many years. This is 
the Provo stage of the lake. It is characterized by large gravel deltas 
at the mouths of the perennial streams draining from the higher moun-
tains, and by a large sand delta at the north end of Cache Valley where 
Bear River entered the lake. Most of these sediments had accumulated 
in the canyons and higher valleys during the earlier high water stages, 
and were now swept to the edge of the valley. Along the valley sides 
between canyon mouths the shoreline is well marked, for the waves 
had a comparatively long time in which to work. 
As the stormy cooler climate of the Wisconsin glacial age gave way 
to the dryer warmer climate of the Retent epoch, the glaciers wasted 
from the mountain tops and the shrinking tributary streams could no 
longer maintain the Provo level. The lake shrank below its outlet at 
Red Rock pass, and once again became variable in size and depth, rising 
and falling with fluctuations in annual precipitation, but trending rapidly 
downward. Soon its waters had drained from Cache Valley leaving a 
surface that was to be little modified in the 15 or 20 thousand years 
remaining to the present. 
The blanket of sediments left by lake Bonneville is continuous and 
over one hundred feet deep in the lower parts of Cache Valley, thinning 
and breaking into patches only on the foothill slopes as the high-water 
level is approached. Its composition from place to place is the prin-
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cipal factor determining the soil series in the valley. The natural levees 
of sand, formed along the channel of Bear River as it followed across 
the newly uncovered lake bottom to the shore of the shrinking lake, 
provide the sandy soils of the Lewiston-Benson area; the gravels and 
sands of the deltas and bars of the Provo level have been but little 
modified to produce the well-drained orchard soils of the bench lands; 
the silts and clays of the lake bottom are a base for the heavier beet 
and vegetable-crop soils lower in the valley. Likewise, the sorting action 
of the lake waters provided clays for bricks, and sand and gravel for 
concrete aggregate and road material. The series of deltas at the 
mouths of the principal streams are natural sites for residential areas. 
Of prime importance to the urban and rural life of Cache Valley is 
the distribution and movement of subsurface water in and beneath the 
blanket of lake sediments. The pattern of sediment deposition shown 
by the geologic map is the best clue we have to the internal structure 
of the valley fill which determines the movement of sub-surface water. 
The pre-lake channel fillings of Logan River, Blacksmith Fork, and 
the Little Bear are aquifers for the movement of artesian water beneath 
the younger layers of lake-bottom clays. Problems in drainage-that is, 
in the disposal of an excess of sub-surface water-are likewise to be 
solved on the basis of the nature and distribution of the deposits of 
the ancient lake. 
BASINS AND EARTHQUAKES 
PRECEDING parts of this paper have explained the origin of Cache Valley and all other basins of the Basin and Range province as 
the result of movements along generally north-south trending faults 
that began in the Miocene epoch and have continued to the present. 
In the broad view these movements are the cause of Lake Bonneville 
in that they provided the basin in which the glacial meltwaters of the 
Pleistocene epoch might accumulate. They are responsible for the 
Wasatch Mountains, the High Plateaus of central Utah, and the in-
habited basins between and adjacent to these upstanding blocks. Nearly 
all the valleys of central and western Utah were produced and are 
maintained by slippage along boundary faults. Bear Lake Valley, Cache 
Valley, the valleys of the Bonneville Basin, and Sevier and Sanpete Val· 
leys are all in this category. But there are hazards to living in such 
fault valleys when the valley-maintaining forces are still in operation. 
Movements along faults produce earthquakes. 
The first step in the appraisal of the earthquake hazard of a region 
is the compilation of an earthquake history. Only from the past can 
we learn the probabilities of the occurrence of earthquakes in the future. 
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The recently compiled seismic record of Utah (14) shows that 123 
distinct earthshocks have occurred in the one hundred years since the 
first permanent settlers came. An attempt to relate them to particular 
faults (table 3) shows that the Wasatch fault, which is principally 
responsible for the Bonneville basin, has been more active than any other 
fault. The proximity of this fault to much of Utah's real property in 
homes, public buildings, and manufacturing plants is of more than 
passing interest. A map showing the felt areas of recorded earthquakes 
highlights the activity of the Hansel Valley earthquake center that has 
produced numerous strong shocks. The active boundary fault on the 
west side of Sevier Valley is responsible for two of Utah's great earth-
quakes. 
Table 3. Number and intensity· of earthquakes with ratable intensities 
produced by active faults in Utah 
Inten- Hansel Hur- Thousand Bear 
si ty Wasatch Tushar Valley ricane Sevier Lake Lake Other Total 
I 0 
II 5 2 6 6 3 1 23 
III 10 3 l(?) 6 1 1 2 24 
IV 7 3 2 6 2 4 1 4 29 
V 6 2 3 6 22 
3(?) l(?) 
VI 3 2 4 1 3 13 
VII 1 2 l(?) I 5 
VIII 2 1 3 
IX 4 4 
X 0 
XI 0 
Total 34 11 14 25 10 8 2 18 123 
* Modified Mercalli intensity scale 
Observations of the damage to structures and other effects produced 
by earthquakes provide much valuable information to the structural 
engineer, but a knowledge of the exact nature of ground movement 
~uring an earthquake must be obtained from instrumental records. An 
Instrument called an accelerograph has been devised to obtain such data 
and one is installed at logan (4). likewise a knowledge of the depth 
of origin of an earthquake can be determined from instrumental data 
only. The operation of two seismograph stations in Utah assures a 
complete record of the place and depth of origin and of the nature of 
the ground movements of all earthquakes originating in boundary faults 
o,f Utah's valleys. Such data are essential to the maintenance of civi-
lIZation in an area of active faults. 
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SUMMARY 
TH E ROCKY M OUN TAIN region offers a wide. variety of problems to the student of geology. Since the sixties and seventies when geologists 
first worked here, it has been the focal point for the development of 
geology in America. The contributions of Utah's universities to this 
advance have not been great, but they should increase substantially in 
the next decade. Problems in palentology, stratigraphy, economic ge-
ology, seismology- in all branches of geology- await solution, and the 
rapidity with which they are solved will determine to an important degree 
the rate of development of Utah's agricultural and industrial life. 
PUBLICATIONS AND WORK IN PROGRESS 
J. STEWART WILLIAMS 
1. Tully formation of New York. Geol. Soc. Amer. Bul. 46 : 781·868. 1935. 
(with G. A. Cooper) 
2. "Park City" beds on southwest Hank of Uinta Mountains, Utah. Amer. 
Assoc. Petrol. Geol. Bui. 23: 82-100. 1939. 
3. Phosphate in Utah. Utah Agr. Exp. Sta. Bul. 290. 1939. 
4. Oldham Seismograph Station at Utah State Agricultural College, Logan, 
Utah. Seismol. Soc. Amer. Bul. 32: 49·59. 1942. 
5. Cambrian section in the Logan quadrangle. Utah and vi~inity. Am. Jour. 
Science 239: 276·285. 1941. (with G. B. Maxey) 
6. Phosphate reserves of Utah: revised estimate. Utah Agr. Exp. Sta. But 
304. 1942. (with A. L. Hanson) 
7. Carboniferous formations of the Uinta and northern Wasatch Mountains. 
Geoi. Soc. Amer. Bui. 54: '591·624. ....J943. 
8. Nomenclature of Triassic rocks in northeastern Utah. Amer. Jour. Science 
243: 473·479. 1945. 
9. Brazer (Mississippian) and lower Wells (Pennsylvanian) section at Dry 
Lake, Logan Quadrangle, Utah. Amer. Assoc. Petrol. Geol. Bul. 29: 
1143-1155. 1945. 
10. Geologic map and geologic structure sections of the Logan quadrangle, Utah. 
1946. 
11. Sedimentary succession in the Logan quadrangle and vicinity, Utah. 1946. 
Mimeographed. 
12. Stratigraphy and structure of the indurated sediments of the Logan 
rangle, Utah. Geol. Soc. Amer. Bul. (in press) 
13. Geologic map of Cache Valley. U. S. Geological Survey. 
14. Earthquake history and seismicity of Utah. (in progress) 

u 1\ 
UUUll ~nml ett.' IIml !IIU 
III 
~UUl 
'UIII 
[jew 't~ , 
~m 
! 1~; 
I.JIIII 
I ~I lUlU 
mm 
umn 
H mil II III~IIII II~ j In: III 
, t! \,~m 
a mUI 
nm :. 
, 
!:I 
ill [I II 
II 
"111 
ill I' 
II lam 
!!tUIl 
J1 IUfHl Jllilu I 
111- I 
\I: 
'mr inm /il 
1IU11 lUm 
!~Jm nm 
Imlll II : ' lit! 
IHIU lum 
IlUll 
rlClu ,nul , 11U1i iUlU 
UI mn 
I' tim! ~ml !1 
""" III~II : III mum .IIIJI~~ t : I IUIII IICIlIllmnUUl liUl 
i lIt, 
lUI 
Innl 
un 
I mUll! tfUW ~mnm III lit Ill' Inl .~ lJuUlIUfuml 
-
-= 
